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THE BRITISH JOURNAL OF OPHTHALMOLOGY sub-cortical lesions, though both may have contributed in different degrees in the different cases to the functional impairments which they revealed.
Normal projection is characterised by the following (1) A central image, on uniocular fixation, is projected along a line which passes from the object to the eye to meet and thus to form a continuation of the axis of vision. (2) On binocular fixation, the projected central images of the two eyes are superimposed, whether the two foveal images are those of the same or different objects and therefore whether the eye axes are parallel, convergent, or divergent. (3) This projection takes place along a line which meets, somewhere, usually at its midpoint, the line joining the centres of rotation of the two eyes. (4) A peripheral retinal image is projected in the direction of the line which passes from its object to the eye, i.e., it has an angular separation from the axis of vision equal to that of the change of direction which would be required to bring the fovea to bear upon the object. When the image of any eccentric object falls to the right or left of the retina of each eye or above or below, it is seen singly. The images are then said to occupy " identical" points on the two retinae. The identity is only strictly true for objects at a great distance or for objects lying on what is called the horopter. The theory of identical points need not, however, be considered here. It is of no practical importance.
The point of physiological importance is that for the accurate central fixation of an eccentric object both eyes have to move in response to an innervation which is always equally distributed over the two eyes, whether or not the change in the directions of their axes which this calls for, is of exactlv the same angular amount. And the change in direction is eflected with ease and rapidity and without giving rise to the appearance of movement 'of any obj'ects in the field of fixation.
When an external object forms its i'mage to the right of the fovea in one ey-e and to the left of the fovea of the other eye the objects appear double. Except where the images happen to be too eccentric the object can be fixed binocularly. This also takes place in response to an equally distributed innervation over both eyes and again also whether the angular change in the direction of fixation in each eye is the same, or different. Now, while central projection, pathologically, actually, and physiologically (under certain conditions) apparently, can be faulty, or in other words fail to correspond to the laws of normal projection, peripheral projection, relatively to cent'ral projection, remains invariable. That is to say that whether or not the central projection is true, the projection of peripheral images maintains the same angular relationship to the foveal projection.
It is not difficult to show that the faulty projection which characterises an oculo-motor paresis is entirely comparable to normal projection in that it is proportionate to the effort made to alter the line of fixation, And the same is true with respect to uniocular physiological faulty projection (vide Edin. Med. Ji., June, 1913) . Projection takes place therefore in strict accordance with the degree of innervation which is required to alter the lines of fixation. Any departure from the normal effort of innervation required for this affects projection. Normally, therefore, projection comes to correspond, accurately and consistently, with the position of the eyes; and this relationship is established by the normal degrees of innervation habitually called for to eftect fixation, whether in like directed excursions or in convergence of the axes of vision.
If it were not for the existence, under pathological conditions, of faulty projection it would be difficult to recognize the factor of innervation as the basis of normal projection.
Another class of cases which show, not only the influence of innervation, but also that the normal associations between the line of projection and the axis of vision may be lost, is met with in long standing strabismus. Operation in case of convergent stabismus for instance, whether by tenotomy or advancement or both combined, occasionally gives rise to diplopia where none existed before operation. The diplopia, however, is often not in accordance with the relative positions of the two eyes. Thus, although some convergence may still remain after operation, the patient will be found to have crossed diplopia. His previous projection had, therefore, come to be one which corresponded to parallelism of the axes instead of to convergence, and consequently the operative diminution in the degree of convergence has had the same eflect as if the axes were actually now divergent. The same phenomena are presented, mnutatis mnutanzdis, after advancement for divergent strabismus.
We must, therefore, recognize, in connection with the movements of the eyes to effect fixation of any object, a sense (unconscious, no doubt) of the effort required to do so. This I have always referred to as the sense of innervation (vide Edin. Med. Ji., June, 1913 The sense of innervation in the sphere of function of the oculomotor muscles is in fact closely allied to the so-called muscular sense of the skeletal muscles. In some respects they are different, particularly in regard to the end-organs in each case which in the one are. in the retina and in the other in the muscle itself. Intramuscular end-organs would indeed serve no useful purpose in the case of an oculo-motor muscle. In many respects they are similar. Not only are we conscious of the effort required to bring the muscles into the state of activity required for the performance of a definite action, but we can gauge accurately what would be the effort required for the same action without making it. Both for the innervation sense and the muscular sense, in this potential form, habit is no doubt *what establishes their accuracy and perfection.
It is interesting, therefore, to note that, in some, at least, of the cases recorded there was apraxia. Further, the relatively smaller interference with habitual movements was well exemplified. For instance, movements to order were executed with greater difficulty than walking or conveying food on a fork to the mouth. Th! explanation of this is, no doubt, that the more firmly a habit, whether good or bad, is established, the more is the innervation called for capable of becoming independent of a higher control. The effect of habit is indeed very well seen in different eye movements (vide Edin. Med. Ji., November, 1912.) In one case in which there was no apraxia the patient could move his eyes in convergence when his own finger was approximated to his eyes, but was unable to do so in order to fix any external object brought close to the eyes. Presumably this would also have been found possible if the patient's own finger had been passively approached to his eyes. This is not stated, but may probably be inferred from the observation that the passive jerking of his own hand towards his eyes caused blinking, which was otherwise not elicited. Something, therefore, in addition to the retinal impressions, whose position the patient became conscious of through another sense than sight, was necessary to evoke the responses which would normally be got through ocular impressions alone. Convergence, however, on his own finger, though it occurred, did not do so constantly. But this does not detract from the significance of the phenomenon, as even under normal conditions it is not easy to converge on one's finger without seeing it.
Two other points which characterized the cases recorded call for consideration, viz: the absence of blinking and the want of appreciation of the movement of objects lying outside the line of vision. They are perhaps more difficult to explain. Obviously we have to deal, as regards the first, with the. abolition of a reflex. Reflex blinking was observed to be absent in all the cases except one, with regard to which no reference is made to this point. Of this one particular case, moreover, it is stated that " the disturbances of visual orientation were slighter than in the others, and they diminished considerably while he was under observation. The reflex mechanism which leads to blinking is therefore found to be defective, some part of its entity being interfered with by the same lesions which cause the defects in orientation and localization. That is to say that the peripheral retinal impressions which, though perceived, do not admit of being transferred by appropriate eye movements to the foveae, are also prevented in some way from eliciting the involuntary protecting closure of the lids. This suggests that the fixation movements of the eyes are, to some extent at least, also reflex in their character. Certain it is that while there is no difficulty in moving the eyes in similarly directed association without the stimulus of different objects on which to direct them, convergent movements can only readily take place when they are induced by the stimuli of hetero-lateral retinal impressions. Thus we find that in some of Dr. Holmes's cases it is stated that all the movements of the eves were normal except convergence.
With the evidence indicative of an intact connection of the peripheral cones, viz.: unimpaired vision and colour vision and pupillary reflex, it seems not an unreasonable assumption to make that the end-organs for the orientation and localization reflex are the retinal rods. There is good reason for believing that the rods are not colour-sense end-organs, and some reason for assuming that they play only a subordinate part, if any, in connection with the form-sense. On the other hand, the normally acute sense of movement at the periphery of the field of vision, when compared with that of the peripheral form-sense, is suggestive of the rods being end-organs for movement. And the sense of movement is evidently closely allied to that of orientation and localization. It is interesting to note in this connection that, in three of the cases, an inability to recognize the movements of peripherally placed objects was observed.
In regard to another function with which there is sufficiently good reason to associate the rods, viz: retinal adaptation, there is no reference in Dr. Holmes's paper from which any concluson as to the integrity of this function could be arrived at. It is unfortunate that no examination of the light-sense seems to have been made, although the observations are otherwise so complete and so discriminating.
I have long held the view, arrived at from purely speculative considerations, that the rods might possibly be orientation endorgans (vide Ofhthal. Review, Vol. IX, 1890, pp. 136-139) . I have consequently been on the look-out for any evidence pointing in this direction. The symptoms which Dr. Holmes has elicited in the cases described in his paper appear to do so. In any case they very clearly demonstrate that lesions causing hemianopia, the site of which is well known, do not cause orientation defects. A particularly beautiful illustration of this occurred in his third case, in which there was a temporary left hemianopia and in which " when vision to the left of the fixation point had recovered, it was observed that he could localize the position of objects in space better to this side, which had been blind, than to his right."
Notwithstanding the fact that in most of the cases the difficulty of making convergent movements in the interest of fixation is referred to, there is no note of diplopia having been complained of. On the other hand, these symptoms may quite vell have been missed in other cases which have caused impairments other than distinctively visual ones, and such cases do not to any extent come within the purview of the ophthalmic surgeon. Orientation defects may quite well be less infrequent than the absence of recorded cases hitherto would suggest. That remains to be seen. But granting that they are infrequent, and this I think is most likely, it is possible that a cause for this may be found in the orientation centres and their direct connections, which must surely be represented on both sides of the brain, being, unlike the visual centres, intimately interrelated, so that one alone may suffice to carry on the function when the other has been thrown out of gear. This possibility, which was suggested to me by a distinguished neurologist, is supported by the fact that there was not shown to be any markedly one-sided character in the orientation difficulties in any of Dr. Holmes's cases, unless the observation to which I have already referred, where orientation appeared to be less imperfect in the area of a recovered hemianopia than in the opposite half of the field of vision, can be taken as indicating that there may be exceptions to this rule. In any case, this is another point which future observations may clear up.
I make no attempt at suggesting a localization of the lesion which leads to the particularly interesting functional interferences discovered by Dr 
THE BRITISH JOURNAL OF OPHTHALMOLOGY
The only material way in which his views seem to me to differ from my own, lies in his apparent adherence, to some extent, to the old " nativistic" conceptions regarding certain ocular phenomena. He says: "We know that as a result of certain cerebral lesions the locality of a tactile stimulus can no longer be recognized, though there may be no affection of either the threshold of sensibility or the quality of the sensations evoked; the local signs of the cutaneous surface then no longer furnish the necessary information to consciousness. Similarly, the cerebral wounds in these cases affected the local sign functions of the retinae, and the patients consequently became unable to project correctly, and arrange in their proper relations in space, the images which eAcited vision, and to recognize the actual spatial relations of objects seen and their respective sizes and lengths." Unless what he here calls " the local sign " arouses consciousness in dissimilar ways in the two cases, the analogy is complete. It appears, therefore, somewhat enigmatical that Dr. Holmes should seem to infer that a radical distinction iscalled for to explain, on the one hand, disturbances which take place in bidimensional space, and, on the other, in space of three dimensions. He says: " In discussing these errors we can conveniently, on physiological grounds, deal separately with those made in the coronal plane, and those due to disturbance of the perception of distance." And the reason for doing so appears in a subsequent sentence: " But retinal stimuli alone suggest only the magnitudes and the relative positions of objects in a bidimensional plane. To obtain a correct knowledge of the locality of the objects in relation to ourselves, afferent impressions from the ocular and neck muscles and tendons, which can inform us of the direction of the visual axes and the position of our heads, are also necessary." Surely both are equally referable to a stimulus conveyed to (presumably) the angular gyrus, and started by a retinal image. A similar distinction is also drawn between inability to appreciate the absolute and the relative positions of objects. It is difficult to see why the one should not necessarily entail the other.
When Dr. Holmes talks about impulses from the oculo-motor muscles, as being provided by extra-retinal afterents, he obviously has in view something in connection with the muscles whicFi he supposes exists apart from the retinal stimuli. But it has to be remembered that it is impossible with closed lids to tell for certain vhat is the position of the eyes. No doubt it is possible, without fixing any object, to rotate the eyes in the same direction, but apart from the consciousness of making this voluntary movement, there is no consciousness of the exact position of the eyes. Convergent movements, if possible *at all under similar conditions, evoke no consciousness of convergence.
As the matter appears to me, the afferent path in all cases starts group.bmj.com on November 4, 2016 -Published by http://bjo.bmj.com/ Downloaded from from some retinal end-organ, and the impulse which thus results in, let us say, the angular gyrus, produces in some way a consciousness of the position of the object whose image falls on a particular part of the retina. A lesion occurring at any part of this afferent tract, or involving the angular gyrus itself, must therefore impair orientation. When the heteronymous images on the two retinae, which normally induce either an active or a potential convergence, fail to do so, one of the chief factors which contribute to the sense of distance, in the case at least of objects which are not far removed from the eye, is lost. If the lesion does not happen to be central, but only involves some sub-cortical portion of the afferent tract, it must still remain possible to converge on an Qbject, whose distance is more or less correctly appreciated otherwise than through its retinal image, e.g., the patient's own finger. In this connection the following observation by Dr. Holmes is interesting: " Though Case 4 accommodated for his own finger accurately, and Case 2 could do so occasionally though not constantly, the other cases in which the test was made failed even when, as under such conditions, they were aware of the nearness of the object." Dr. Holmes shows some tendency to mix up convergence and accommodation. It is certainly only convergence or the sense of convergence innervation which has any bearing upon distance estimation. It would be extremely disturbing if a hypermetrope or a myope were to judge distance difterently when looking at objects with and without his optical correction. On the other hand, prisms which call for greater or less convergence than corresponds to the distance of an object looked at, alter the apparent size, and, more or less consciously, the apparent distance of the object.
I The concluding paragraph of Dr. Holmes's communication is as follows: "The angular gyri contain centres from which the movements of the eyes can be elicited, and it may be to damage of these portions of the cortex that the disturbance of ocular fixation, the failure to accommodate near objects, and the absence of the blinking reflex were due, in so far as they were not a direct result of the defective recognition of the position of the object in space, and especially of its distance." The cases show, I think, that the statement would be more complete if after " damage of these portions of the cortex" there were added, "or of their afferent fibre connections from the retinal end-organs."
The last clause of the paragraph I have quoted seems to indicate that Dr. Holmes assumes there is some other independent cortical centre which has to do with the recognition of the positions of objects in space. This may be so; yet if the potential response of the eye-movements centre is interfered with, either by lesion of the centre itself or of the afferent path associated with that centre, this would surely be enough to account for the symptoms. In cases of oculo-motor paralysis, although projection may be faulty, there is no change in the relative localization of external objects. This is evidently because the voluntary oculo-motor centre with its afferent tract are not involved in the lesion causing the paralysis. 
